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1 Claims 

2 I claim: 
3 

1 1 . A power module, comprising: 

2 an air compressor cell defining a variable- volume air compressor chamber, 

3 an air supply port, and an air exit port, said air supply port and air exit port each 

4 arranged in fluid communication with the air compressor chamber, said air supply 

5 port adapted to communicate with a source of supply air; 

6 an electronically-controllable magnetically-latchable air supply valve 

7 associated with the air supply port and selectively operable to move between i) a 

8 closed position at which the air supply valve closes the air supply port and thereby 

9 closes fluid conununication between the source of supply air and the air compressor 
,^ 10 chamber via the air supply port and ii) an opened position at which the air supply 

^ 1 1 valve opens the air supply port and thereby opens fluid communication between the 

I u 12 source of supply air and the air compressor chamber via the air supply port; 

13 an air pump piston positioned in the air compressor chamber and operable to 

14 move between i) an expansion position at which the air compressor chamber reaches 
o3 15 its maximum volume and ii) a contraction position at which the air compressor 
^ 16 chamber reaches its minimum volume; 

17 a combustion cell defining a variable-volume combustion chamber separate 

18 from the air compressor chamber, an air intake port, and an exhaust port, said air 

19 intake port and exhaust port each arranged in fluid communication with the 

20 combustion chamber; 

21 an air storage chamber arranged in fluid communication between the air exit 

22 port of the air compressor cell and the air intake port of the combustion cell; 

23 an intake valve associated with the air intake port of the combustion cell and 

24 selectively operable to move between i) a closed position at which the intake valve 

25 closes the air intake port and thereby closes fluid communication between the air 

26 storage chamber and the combustion chamber via the air intake port and ii) an 

27 opened position at which the intake valve opens the air intake port and thereby opens 

28 fluid communication between the air storage chamber and the combustion chamber 

29 via the air intake port; 
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an exhaust valve associated with the exhaust port of the combustion cell and 
selectively operable to move between i) a closed position at which the exhaust valve 
closes the exhaust port and thereby closes fluid communication between the 
combustion chamber and the exhaust port and ii) an opened position at which the 
exhaust valve opens the exhaust port and thereby opens fluid communication 
between the combustion chamber and the exhaust port; and 

a power piston positioned in the combustion chamber and operable to move 
therein betvyeen i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii) a contraction position at which the combustion chamber 
reaches its minimum volume. 


an air sut 


2. A power module, comprising: 

an air compressor cell defining a variable-volume air compressor chamber, 
pply port, and an air exit port, said air supply port and air exit port each 
arranged in fluid communication with the air compressor chamber, said air supply 
port adapted to communicate with a source of supply air; 

an air supply valve associated with the air supply port and selectively 
operable to move between i) a closed position at which the air supply valve closes 
the air supply port and thereby closes fluid communication between the source of 
supply air and die air compressor chamber via the air supply port and ii) an opened 
position at which the air supply valve opens the air supply port and thereby opens 
fluid communication between the source of supply air and the air compressor 
chamber via the air supply port; 

an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contiraction position at which the air compressor 
chamber reaches its minimum volume; 

a combustion cell defining a variable-volume combustion chamber separate 
from the air compressor chamber, an air intake port, and an exhaust port, said air 
intake port and exhaust port each arranged in fluid communication with the 
combustion chamber; 
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21 an air storage chamber arranged in fluid communication between the air exit 

22 port of the air compressor cell and the air intake port of the combustion cell; 

23 an intake valve associated with the air intake port of the combustion cell and 

24 selectively operable to move between i) a closed position at which the intake valve 

25 closes the air intake port and thereby closes fluid communication between the air 

26 storage chamber and the combustion chamber via the air intake port and ii) an 

27 opened position at which the intake valve opens the air intake port and thereby opens 

28 fluid conmiunication between the air storage chamber and the combustion chamber 

29 via the air intake port; 

30 an exhaust valve associated with the exhaust port of the combustion cell and 

3 1 selectively operable to move between i) a closed position at which the exhaust valve 

32 closes the exhaust port and thereby closes fluid conmiunication between the 

H 33 combustion chamber and the exhaust port and ii) an opened position at which the 

^ 34 exhaust valve opens the exhaust port and thereby opens fluid communication 

35 between the combustion chamber and the exhaust port; and 

36 a power piston positioned in the combustion chamber and operable to move 

37 therein between i) an expansion position at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minimum volume, further including an air check valve arranged in fluid 

40 conmiunication between said air exit port of the air compressor cell and the air 

41 storage chamber, said air check valve operable to allow only one-way fluid flow 

42 from the air compressor chamber to the air storage chamber. 

43 

1 3. A power module, comprising: 

2 an air compressor cell defining a variable- volume air compressor chamber, 

3 an air supply port, and an air exit port, said air supply port and air exit port each 

4 arranged in fluid conmiunication with the air compressor chamber, said air supply 

5 port adapted to communicate with a source of supply air; 

6 an air supply valve associated with the air supply port and selectively 

7 operable to move between i) a closed position at which the air supply valve closes 

8 the air supply port and thereby closes fluid communication between the source of 

9 supply air and the air compressor chamber via the air supply port and ii) an opened 
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10 position at which the air supply valve opens the air supply port and thereby opens 

1 1 fluid communication between the source of supply air and the air compressor 

12 chamber via the air supply port; 

an air pump piston positioned in the air compressor chamber and operable to 

14 move between i) an expansion position at which the air compressor chamber reaches 

15 its maximum volume and ii) a contraction position at which the air compressor 

16 chamber reaches its minimum volume; 

a combustion cell defining a variable-volume combustion chamber separate 

18 from the air compressor chamber, an air intake port, and an exhaust port, said air 

19 intake port and exhaust port each arranged in fluid communication with the 

20 combustion chamber; 

21 an air storage chamber arranged in fluid conmiunication between the air exit 

22 port of the air compressor cell and the air intake port of the combustion cell; 

fx 23 an intake valve associated with the air intake port of the combustion cell and 

b 24 selectively operable to move between i) a closed position at which the intake valve 

25 closes the air intake port and thereby closes fluid communication between the air 

^ 26 storage chamber and the combustion chamber via the air intake port and ii) an 

^ 27 opened position at which the intake valve opens die air intake port and thereby opens 

28 fluid communication between the air storage chamber and the combustion chamber 

29 via tiie air intake port; 

30 an exhaust valve associated with the exhaust port of the combustion cell and 

31 selectively operable to move between i) a closed position at which the exhaust valve 

32 closes the exhaust port and thereby closes fluid conmiunication between the 

33 combustion chamber and the exhaust port and ii) an opened position at which the 

34 exhaust valve opens the exhaust port and thereby opens fluid conmiunication 

35 between the combustion chamber and the exhaust port; and 

36 a power piston positioned in the combustion chamber and operable to move 

37 therein between i) an expansion position at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minimum volume, wherein said air supply valve is an electronically- 

40 controllable two-way valve including a movable magnetically-latchable poppet 

41 having an end portion, a return spring operable to bias the poppet towards one 
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42 position conesponding to the closed position of the air supply valve, and an 

43 opening-direction electrical coil located proximate the end portion of the poppet, 

44 said opening-direction electrical coil selectively operable to electromagnetically pull 

45 the poppet towards another position corresponding to the opened position of the air 

46 supply valve. 

47 

1 4. The power module of claim 3, further including an electronic control 

2 unit operable to selectively and independently control the operation of the air supply 

3 valve with digital pulses of electrical current. 

4 

1 5. The power module of claim 4, further including an air pressure sensor 

2 operable to sense the pressure of air in the air storage chamber and provide the 

3 electronic control unit with a signal indicative of such pressure, said electronic 

^ control unit operable to move the air supply valve to its opened position in response 


is: 


5 to said pressure being below a threshold air pressure, said electronic control unit 
g 6 operable to move the air supply valve to its closed position in response to said 


^ 7 pressure being at least the threshold air pressure. 


^ 1 6. (Twice Amended) The power module of claim 5, wherein the 

2 electronic control unit is operable to selectively and independently control the 

3 operation of the air supply valve in further response to at least one sensed parameter 

4 selected from the group of ambient air temperature, ambient barometric pressure, 

5 inlet air temperature, inlet air pressure, actuating fluid temperature, actuating fluid 

6 pressure, throttle position, power piston position, engine brake signals, starter inputs, 

7 and ignition switch position. 
8 

1 7. The power module of claim 1 , wherein the air compressor cell and 

2 the combustion cell are integrally formed adjacent one another by a conmion 

3 housing. 
4 

1 8. A power module, comprising; 
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an air compressor cell defining a variable-volume air compressor chamber, 
an air supply port, and an air exit port, said air supply port and air exit port each 
arranged in fluid communication with the air compressor chamber, said air supply 
port adapted to communicate with a source of supply air; 

an air supply valve associated with the air supply port and selectively 
operable to move between i) a closed position at which the air supply valve closes 
the air supply port and thereby closes fluid communication between the source of 
supply air and the air compressor chamber via the air supply port and ii) an opened 
position at which the air supply valve opens the air supply port and thereby opens 
fluid conmiunication between the source of supply air and the air compressor 
chamber via the air supply port; 

an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum volume; 

a combustion cell defining a variable-volume combustion chamber separate 
from the air compressor chamber, an air intake port, and an exhaust port, said air 
intake port and exhaust port each arranged in fluid communication with the 
combustion chamber; 

an air storage chamber arranged in fluid conmiunication between the air exit 
port of the air compressor cell and the air intake port of the combustion cell; 

an intake valve associated with the air intake port of the combustion cell and 
selectively operable to move between i) a closed position at which the intake valve 
closes the air intake port and thereby closes fluid conmiunication between the air 
storage chamber and the combustion chamber via the air intake port and ii) an 
opened position at which the intake valve opens the air intake port and thereby opens 
fluid communication between the air storage chamber and the combustion chamber 
via the air intake port; 

an exhaust valve associated with the exhaust port of the combustion cell and 
selectively operable to move between i) a closed position at which the exhaust valve 
closes the exhaust port and thereby closes fluid communication between the 
combustion chamber and the exhaust port and ii) an opened position at which the 
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34 exhaust valve opens the exhaust port and thereby opens fluid communication 

35 between the combustion chamber and the exhaust port; and 

^ power piston positioned in the combustion chamber and operable to move 

37 therein between i) an expansion position at which the combustion chamber reaches 

38 its maximum volume and ii) a contraction position at which the combustion chamber 

39 reaches its minimum volume, wherein the air pump piston and the power piston are 

40 movable by a conmion drive device. 

41 

1 9. The power module of claim 8, wherein said common drive device 

2 includes a rotatable crankshaft. 

3 

1 10. The power module of claim 1 , further including a direct-injection fuel 

o 2 injector extending into the combustion chamber and selectively operable to inject 

^ 3 fuel therein. 

i 

c^i 1 11. (Twice Amended) A power module, comprising: 

^2 a turbocharger including an exhaust gas inlet and a compressed air outiet; 

^ 3 an air compressor cell defining a variable- volume air compressor chamber, a 

^ 4 free air supply port adapted to communicate with atmosphere, at least one 

5 turbocharged air supply port arranged in fluid conmiunication with the compressed 

6 air outlet of the turbocharger, and an air exit port, said free air supply port, 

7 turbocharged air supply port, and air exit port each arranged in separate fluid 

8 communication with the air compressor chamber; 

9 an electronically-controllable magnetically-latchable free air supply valve 

10 associated with the free air supply port and selectively operable to move between i) a 

1 1 closed position at which the free air supply valve closes the free air supply port and 

12 thereby closes fluid communication between atmosphere and the air compressor 

1 3 chamber via the free air supply port and ii) an opened position at which tiie free air 

14 supply valve opens the free air supply port and thereby opens fluid conmiunication 

15 between atmosphere and tiie air compressor chamber via the free air supply port; 

16 an electronically-controllable magnetically-latchable turbocharged air supply 

17 valve associated with each turbocharged air supply port and selectively operable to 
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move between i) a closed position at which the tuibocharged air supply valve closes 
its respective turbocharged air supply port and thereby closes fluid communication 
between the compressed air oudet of the turbocharger and the air compressor 
chamber via the respective turbocharged air supply port and ii) an opened position at 
which the turbocharged air supply valve opens its respective turbocharged air supply 
port and thereby opens fluid conmiunication between the compressed air oudet of 
the turbocharger and the air compressor chamber via the respective turbocharged air 
supply port; 

an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum volume; 

a combustion cell defining a variable-volume combustion chamber separate 
from die air compressor chamber, an air intake port, a free exhaust port adapted to 
conununicate witii atmosphere, and at least one drive exhaust port arranged in fluid 
communication widi the exhaust gas inlet of die turbocharger, said air intake port, 
free exhaust port, and drive exhaust port each arranged in separate fluid 
communication with the combustion chamber; 

an air storage chamber arranged in fluid conmiunication between die air exit 
port of tiie air compressor cell and the air intake port of the combustion cell; 

an intake valve associated with the air intake port of die combustion cell and 
selectively operable to move between i) a closed position at which the intake valve 
closes the air intake port and thereby closes fluid communication between the air 
storage chamber and die combustion chamber via the air intake port and ii) an 
opened position at which the intake valve opens the air intake port and thereby opens 
fluid communication between the air storage chamber and die combustion chamber 
via the air intake port; 

a free exhaust valve associated with the free exhaust port of the combustion 
cell and selectively operable to move between i) a closed position at which the free 
exhaust valve closes the free exhaust port and thereby closes fluid communication 
between die combustion chamber and atmosphere via the free exhaust port and ii) an 
opened position at which the free exhaust valve opens the free exhaust port and 
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50 thereby opens fluid communication between the combustion chamber and 

5 1 atmosphere via the free exhaust port; 

52 a drive exhaust valve associated with each drive exhaust port of the 

53 combustion cell and selectively operable to move between i) a closed position at 

54 which the drive exhaust valve closes its respective drive exhaust port and thereby 

55 closes fluid communication between the combustion chamber and the exhaust gas 

56 inlet of the turbocharger via the respective drive exhaust port and ii) an opened 

57 position at which the drive exhaust valve opens its respective drive exhaust port and 

58 thereby opens fluid conmiunication between the combustion chamber and the 

59 exhaust gas inlet of the turbocharger via the respective drive exhaust port; and 

60 a power piston positioned in the combustion chamber and operable to move 

61 therein between i) an expansion position at which the combustion chamber reaches 

62 its maximum volume and ii) a contraction position at which the combustion chamber 
/(j 63 reaches its minimum volume. 

i 

I 12. A power module, comprising: 

^2 an actuating fluid compressor cell defining a variable-volume actuating fluid 

^ 3 compressor chamber and an actuating fluid port arranged in fluid communication 

CO 

^ 4 with the actuating fluid compressor chamber, said actuating fluid port adapted to 

m 

5 communicate with a source of actuating fluid; 

6 an actuating fluid drain passage; 

7 an actuating fluid supply valve arranged in fluid communication between the 

8 source of actuating fluid and the actuating fluid port and selectively operable to 

9 move between i) a closed position at which the supply valve closes fluid 

10 conmiunication between the source of actuating fluid and the actuating fluid 

I I compressor chamber via the actuating fluid port and ii) an opened position at which 

12 the supply valve opens fluid communication between the source of actuating fluid 

13 and the actuating fluid compressor chamber via the actuating fluid port; 

14 an actuating fluid pump piston positioned in the actuating fluid compressor 

15 chamber and operable to move therein between i) an expansion position at which 

16 the actuating fluid compressor chamber reaches its maximum volume and ii) a 


17 
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contraction position at which the actuating fluid compressor chamber reaches its 
18 minimum volume; 
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a combustion cell defining a variable-volume combustion chamber, separate 
from the actuating fluid compressor chamber, an air intake port, an exhaust port, and 
an actuating fluid common rail, said air intake port and exhaust port each arranged 
22 fluid communication with the combustion chamber; 

^ actuating fluid storage chamber arranged in fluid communication between 

24 the actuating fluid port of the actuating fluid compressor cell and the actuating fluid 

25 common rail; 

a hydraulically-actuatable intake valve associated with the air intake port of 
the combustion cell and having an actuating fluid chamber and a piston portion 
positioned in the actiiating fluid chamber, said intake valve selectively operable to 

29 move between i) a closed position at which tht intake valve closes the air intake port 

30 and tiiereby closes fluid communication to the combustion chamber via the air intake 

3 1 port and ii) an opened position at which the intake valve opens the air intake port 

32 and tiiereby opens fluid conmiunication to the combustion chamber via the air intake 

33 port; 

3'* an electixjnically-contioUable magnetically-latchable first control valve 

35 arranged in fluid communication between tiie actuating fluid common rail and the 

36 actuating fluid chamber of tiie intake valve, said first conti-ol valve selectively 

37 operable to move between i) a closed position at which tiie first control valve closes 

38 fluid communication between the actuating fluid conmion rail and tiie actiiating fluid 

39 chamber of the intake valve and opens fluid communication between the actuating 

40 fluid drain passage and tiie actuating fluid chamber of tiie intake valve tiiereby 

41 allowing tiie intake valve to be moved towards its closed position and ii) an opened 

42 position at which the first control valve opens fluid communication between the 

43 actuating fluid common rail and the actiiating fluid chamber of the intake valve and 

44 closes fluid communication between the actuating fluid drain passage and the 

45 actuating fluid chamber of the intake valve tiiereby allowing the intake valve to be 

46 hydraulically moved towards its opened position ; 

47 a hydraulically-actuatable exhaust valve associated with the exhaust port of 

48 the combustion cell and having an actuating fluid chamber and a piston portion 


49 
50 
51 


56 
57 
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positioned in the actuating fluid chamber, said exhaust valve selectively operable to 
move between i) a closed position at which the exhaust valve closes the exhaust port 
and thereby closes fluid conununication between the combustion chamber and the 

52 exhaust port and ii) an opened position at which the exhaust valve opens the exhaust 

53 port and tiiereby opens fluid communication between the combustion chamber and 

54 the exhaust port; 

55 an electtonically-conttoUable magnetically-latchable second control valve 
arranged in fluid communication between the achiating fluid common rail and the 
actuating fluid chamber of the exhaust valve, said second control valve selectively 

58 operable to move between i) a closed position at which the second conteol valve 

59 closes fluid communication between the actiiating fluid common rail and the 

60 actuating fluid chamber of the exhaust valve and opens fluid communication 

61 between tiie actuating fluid drain passage and the actuating fluid chamber of the 

62 exhaust valve thereby allowing the exhaust valve to be moved towaixls its closed 

63 position and ii) an opened position at which tiie second conttol valve opens fluid 
communication between tiie actiiating fluid common rail and Uie actiiating fluid 
chamber of tiie exhaust valve and closes fluid communication between tfie actiiating 

66 fluid drain passage and die achiating fluid chamber of tiie exhaust valve tfieieby 

67 allowing tiie exhaust valve to be hydraulically moved towards its opened position; 

68 and 

a power piston positioned in die combustion chamber and operable to move 

70 tiierein between i) an expansion position at which tiie combustion chamber reaches 

7 1 its maximum volume and ii) a contiaction position at which die combustion chamber 

72 reaches its minimum volume. 
73 

1 13. The power module of claim 12, fiuther including a check valve 

2 arranged in fluid communication between tiie actiiating fluid port of tiie actuating 

3 fluid compressor cell and tiie actuating fluid storage chamber, said check valve 

4 operable to allow only one-way fluid flow from tiie actiiating fluid compressor 

5 chamber to the actuating fluid storage chamber. 


64 
65 


14. The power module of claim 12, wherein said actiiating fluid supply 
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valve includes a digitally-controUed two-way valve including a movable 
magnetically-latchable spool having one end portion and an opposite end portion, a 
closing-direction electrical coil located proximate the one end portion of the spool, 
and an opening-direction electrical coil located proximate the opposite end portion 
of the spool, said closing-direction electrical coil selectively operable to 
electromagnetically pull the spool towards one state corresponding to the closed 
position of the actuating fluid supply valve, said opening-direction electrical coil 
selectively operable to electromagnetically pull the spool towards another state 
corresponding to the opened position of the actuating fluid supply valve. 

15. (Amended) The power module of claim 12, wherein said first and 
second control valves each include a digitaUy-controUed three-way valve including 
a movable magnetically-latchable spool having one end portion and an opposite end 
portion, a closing-direction electrical coil located proximate the one end portion of 
the spool, and an opening-direction electrical coil located proximate the opposite end 
portion of the spool, said closing-direction electrical coil selectively operable to 
electromagnetically pull the spool towards one state corresponding to the closed 
position of the respective control valve, said opening-direction electiical coil 
selectively operable to electromagnetically pull the spool towards another state 
corresponding to the opened position of the respective conttol valve. 

16. The power module of claim 12, further including an electronic control 
unit operable to contiX)l the selectable operation of each said electix)nically- 
controllable valves. 


17. The power module of claim 16, further including an actuating fluid 
pressure sensor operable to i) sense the pressure of actuating fluid in the actuating 
fluid storage chamber and ii) provide the electronic contix)l unit with an actuating 
fluid pressure signal indicative of said pressure, said electronic control unit operable 
to independently control the operation of the actuating fluid supply valve in response 
to said actuating fluid pressure signal. 
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The power module of claim 16, further including an actuating fluid 
pressure sensor operable to i) sense the pressure of actuating fluid in the actuating 
fluid common rail and ii) provide the electronic control unit with an actuating fluid 
pressure signal indicative of said pressure, said electronic control unit operable to 
independentiy contirol the operation of the first and second control valves in response 
to said actuating fluid pressure signal. 

19. The power module of claim 16. wherein said electronic control unit 
furtiier independently controls the operation of tiie first and second contiol valves in 
response to at least one sensed parameter selected from the group of ambient air 
temperatiire, ambient baromettic pressure, inlet air temperahire, inlet air pressure, 
actuating fluid temperatiire, actiiating fluid pressure, throttie position, power piston 
position, engine brake signals, starter inputs, and ignition switch position. 

20. The power module of claim 12. further including an 
electtonically-controUable hydraulically-actiiatable fuel injector extending into tiie 
combustion chamber and selectively operable to inject fuel therein. 

21 . The power module of claim 20, wherein said injector includes an 
actuating fluid chamber, a piston portion positioned in the actuating fluid chamber, a 
check valve movable between a closed position at which die check valve blocks 
injection of fuel and an opened position at which tiie check valve opens injection of 
fuel, and an electtonically-controUable magnetically-latchable tiiird conttol valve 
arranged in fluid communication between tiie actuating fluid common raU and tiie 
actiiating fluid chamber of the injector, said tiiird control valve selectively operable 
to move between i) a closed position at which tiie tiiird control valve closes fluid 
communication between tfie actiiating fluid common rail and tiie actiiating fluid 
chamber of tiie injector and opens fluid communication between die actuating fluid 
drain passage and die actiiating fluid chamber of tiie injector tiiereby allowing die 
check valve of die injector to be moved towards its closed position and ii) an opened 
position at which tiie tiiird control valve opens fluid communication between tiie 
actuating fluid common rail and tiie actiiating fluid chamber of tiie injector and 
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18 
1 


Closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of the injector thereby allowing the check valve to be 


1 7 hydraulically moved towaids its opened position. 


22. The power module of claim 21 . wherein said injector is a multiple 
2 Stage injector. 
3 


23. The power module of claim 1 2, wherein said actuating fluid storage 
chamber is integrally formed with the actuating fluid compressor ceU. 


24. The power module of claim 1 2, wherein said actuating fluid storage 
2 chamber is connected to the actuating fluid compressor cell. 

3 

1 25. The power module of claim 12, wherein said intake and exhaust 

2 valves each further include a return spring operable to bias the respective valve 

3 towards its closed position. 


26, The power module of claim 12, wherein the actuating fluid 
compressor cell and the combustion cell are integrally formed witii one anotiier by a 

3 cominon housing. 
4 

1 27. The power module of claim 12, wherein the actiaating fluid 

2 compressor cell and the combustion cell are connected togetiier as a compact unit. 

3 

1 28. The power module of claim 12, wherein the actuating fluid pump 

2 piston and the power piston are movable by a common drive device. 
3 

1 29. (Twice Amended) A power module, comprising: 

2 an air compressor cell defining a variable-volume air compressor chamber, 

3 an air supply port, and an air exit port, said air supply port and air exit port each 

4 arranged in fluid communication with the air compressor chamber, said air supply 

5 port adapted to communicate with a source of supply air; 


6 
7 
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9 
10 
II 


14 
15 


18 
19 


23 
24 


in 


an air supply valve associated with the air supply port and selecUvely 
operable to move between i) a closed position at which the air supply valve closes 
8 the air supply port and thereby closes fluid communication between the source of 
supply air and the air compressor chamber via the air supply port and ii) an opened 
position at which the air supply valve opens the air supply port and thereby opens 
fluid communication between the source of supply air and the air compressor 
12 chamber via the air supply port; 

^ PU^P piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
16 chamber reaches its minimum volume; 

^ combustion cell defining a variable-volume combustion chamber, separate 
from the actuating fluid compressor chamber, an air intake port, an exhaust port, and 
an actuating fluid common rail, said air intake port and exhaust port each arranged 
20 fluid communication with the combustion chamber; 

^ * ^ storage chamber arranged in fluid communication between the air exit 

22 port of the air compressor ceU and the air intake port of the combustion cell; 

an air check valve arranged in fluid communication between said air exit port 
and the air storage chamber, said air check valve operable to allow only one-way 

25 fluid flow from the air compressor chamber to the air storage chamber, 

26 an actuating fluid compressor cell defining a variable-volume actuating fluid 

27 compressor chamber and an actuating fluid port arranged in fluid communication 

28 with the actuating fluid compressor chamber, said actuating fluid port adapted to 

29 communicate with a source of actuating fluid; 

30 an actuating fluid drain passage; 

3 1 an actuating fluid supply valve arranged in fluid communication between the 

32 source of actuating fluid and the actuating fluid port and selectively operable to 

33 move between i) a closed position at which the actuating fluid supply valve closes 

34 fluid communication between the source of actuating fluid and the actuating fluid 

35 compressor chamber via the actuating fluid port and ii) an opened position at which 

36 the actuating fluid supply valve opens fluid communication between the source of 
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37 

actuating fluid and the actuating fluid compressor chamber via the actuating fluid 


38 

port; 


39 

an actuating fluid pump piston positioned in tfie actuating fluid compressor 


40 

chamber and operable to move tiierein between i) an expansion position at which 


41 

tile actuating fluid compressor chamber reaches its maximum volume and ii) a 


42 

contraction position at which tiie actuating fluid compressor chamber reaches its 


43 

minimum volume; 


44 

an actuating fluid storage chamber arranged in fluid conununication between 


45 

tiie actuating fluid port of tiie actuating fluid compressor cell and tiie actuating fluid 


46 

common rail; 


47 

an actuating fluid check valve arranged in fluid communication between the 


48 

actuating fluid port of tiie actuating fluid compressor cell and the actuating fluid 

e.) 

49 

storage chamber, said actuating fluid check valve operable to allow only one-way 


50 

fluid flow from tiie actuating fluid compressor chamber to the actuating fluid storage 

m 

51 

chamber; 


52 

a hydraulically-actuatable intake valve associated witii tiie air intake port of 


53 

the combustion cell and having an actuating fluid chamber and a piston portion 


54 

positioned in the actuating fluid chamber, said intake valve selectively operable to 


55 

move between i) a closed position at which the intake valve closes the air intake port 


56 

and thereby closes fluid conmixmication between the air storage chamber and the 


57 

combustion chamber via the air intake port and ii) an opened position at which the 


58 

intake valve opens tiie air intake port and thereby opens fluid communication 


59 

between the air storage chamber and the combustion chamber via tiie air intake port; 


60 

an electronically-controllable magnetically-latchable first control valve 


61 

arranged in fluid communication between the actuating fluid conunon rail and the 


62 

actuating fluid chamber of the intake valve, said first control valve selectively 


63 

operable to move between i) a closed position at which the first control valve closes 


64 

fluid communication between the actuating fluid common rail and the actuating fluid 


65 

chamber of tiie intake valve and opens fluid communication between the actuating 


66 

fluid drain passage and the actuating fluid chamber of the intake valve thereby 


67 

allowing tiie intake valve to be moved towards its closed position and ii) an opened 


68 

position at which the first control valve opens fluid communication between the 
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actuating fluid conunon rail and the actuating fluid chamber of the intake valve and 
closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of the intake valve thereby allowing the intake valve to be 
hydraulically moved towards its opened position ; 

a hydraulically-actuatable exhaust valve associated with the exhaust port of 
the combustion cell and having an actuating fluid chamber and a piston portion 
positioned in the actuating fluid chamber, said exhaust valve selectively operable to 
move between i) a closed position at which the exhaust valve closes the exhaust port 
and thereby closes fluid communication between the combustion chamber and the 
exhaust port and ii) an opened position at which the exhaust valve opens the exhaust 
port and thereby opens fluid conununication between the combustion chamber and 
the exhaust port; 

an electronically-controllable magnetically-latchable second control valve 
arranged in fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the exhaust valve, said second control valve selectively 
operable to move between i) a closed position at which the second control valve 
closes fluid conmiunication between the actuating fluid common rail and the 
actuating fluid chamber of the exhaust valve and opens fluid communication 
between the actuating fluid drain passage and the actuating fluid chamber of the 
exhaust valve thereby allowing the exhaust valve to be moved towards its closed 
position and ii) an opened position at which the second control valve opens fluid 
communication between the actuating fluid conunon rail and the actuating fluid 
chamber of the exhaust valve and closes fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust valve to be hydraulically moved towards its opened position; 
and 

a power piston positioned in the combustion chamber and operable to move 
therein between i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii) a contraction position at which the combustion chamber 
reaches its minimum volume; 
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1 

ju. 1 ne power module of claim 29, wherem said actuating fluid pump 


2 
3 

uiivcii uy aaia air pump piston. 


1 

J 1 . A power moGuie, comprising: 


2 

oil oir compressor ceil aeiimng a vanable-volmne air compressor chamber. 


3 

«*uppiy pon. ana an air exit port, said air supply port and air exit port each 


4 

dirangea in separate tiuid commumcation with the air compressor chamber, said air 


5 

ouppi^r pjii aiuipicu to commumCttie with a source of supply air; 


6 

on cieciTonicaiiy-controllable magnetically-latchable air supply poppet valve 


7 

associaiea witn the air supply port, said air supply poppet valve including a 


8 

mfl^netlCallV-ldtT'hflHI^ nnn-nAt kQ\n-nrt a-^A m^**.:^^ j lii. 

liiagiit^uwoiiy idiwnaoie poppei naving an end portion and movable between a closed 

' 5 

9 

puaiuon dna an openea position, a return spnng operable to bias the poppet of the air 


10 

2>uppiy poppei vaive towards us closed position at which the poppet of the air supply 


11 

nOOOfit VfllVP cloche thA Hkif Ciiv%n1ii m^nW- n«*^ 4>U>«.«1... ^ • j • . 

yuyyci vdivc closes me air supply port and thereby closes fluid communication 


12 

between the source nf cunnlv nir Q-nH tliA fxif /«A«vk««M<!k«A»« aUm^l.^^ * it- • « 

ult; auuicc ui ^uppiy air ana me air compressor chamber via the air supply 


13 

y\jiK, oiiu dii upcmng-oireciion eiectncal coil located proximate the end portion of the 


14 

yKjyy^i^ amu opcmng-oirecuon eiectncal coil selectively operable to 


15 

filectrnrnflonpti c sill v iM ill ^Ka n/\«%r%a4- fi%A i a i •• 

ciccuumdgncucaiiy pun me poppet or the air supply poppet valve towards its opened 


16 

i^u&uiun tti wmcn me poppei or me air supply poppet valve opens the air supply port 


17 

iulu uicreoy opens riuia commumcation between the source of supply air and the air 


18 

compressor cnamoer via the air supply port; 


19 

an air pump piston positioned in the air compressor chamber and operable to 


20 

ic^i^iui^oiiy muve Dciween i; an expansion position at which the air compressor 


21 

tnamoer leacnes us maximum volume and ii) a contraction position at which the air 



^uiiipic!>aur cnamoer reacnes us minimum volume; 



a comoustion cell derimng a vanable-volume internal combustion chamber, 


24 

separate from the actuating fluid compressor chamber, an air intake port, an exhaust 


25 

port, and an actuating fluid common rail, said air intake port and exhaust port each 


26 

arranged in separate fluid communication with the combustion chamber; 


27 

an air storage chamber arranged in fluid communication between the air exit 


28 

port of the air compressor cell and the air intake port of the combustion cell; 


29 
30 
31 
32 
33 
34 


37 
38 
39 
40 
41 
42 
43 
44 
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an air check valve arranged in fluid communication between said air exit port 
and the air storage chamber, said air check valve operable to allow only one-way 
fluid flow from the air compressor chamber to the air storage chamber; 

an actuating fluid compressor cell defining a variable-volume actuating fluid 
compressor chamber and an actuating fluid port arranged in fluid communication 
with the actuating fluid compressor chamber, said actuating fluid port adapted to 
35 conmiunicate with a source of actuating fluid; 
3^ an actuating fluid drain passage; 

an electronically-controllable magnetically-latchable two-way actuating fluid 
supply valve arranged in fluid communication between the source of actuating fluid 
and the actuating fluid port, said actuating fluid supply valve including a 
magnetically-latchable spool having one end portion and an opposite end portion and 
movable between a closed position and an opened position, a closing-direction 
electiical coil located proximate the one end portion of die spool, and an opening- 
direction electrical coil located proximate the opposite end portion of the spool, said 
closing-direction electiical coil selectively operable to electromagnetically pull the 

45 spool of the acniating fluid supply valve towards its closed position at which the 

46 spool of the actuating fluid supply valve closes fluid communication between the 

47 source of actuating fluid and the actiiating fluid compressor chamber via the 

48 actuating.fluid port, said opening-diiection electiical coil selectively operable to 

49 electromagnetically pull the spool of the actiiating fluid supply valve towards its 

50 opened position at which the spool of die actiiating fluid supply valve opens fluid 

5 1 conununication between the source of actiiating fluid and the actiiating fluid 

52 compressor chamber via the actuating fluid port; 

53 an actiiating fluid pump piston positioned in the actiiating fluid compressor 

54 chamber and operable to reciprocally move therein between i) an expansion position 

55 at which the actuating fluid compressor chamber reaches its maximum volume and 

56 ii) a conti^tion position at which the actuating fluid compressor chamber reaches its 

57 minimum volume; 

58 an actuating fluid storage chamber arranged in fluid communication between 

59 the actuating fluid port of the actiiating fluid compressor cell and the actiiating fluid 

60 common rail; 
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an actuating fluid check valve arranged in fluid communication between the 
actuating fluid port of the actuating fluid compressor ceU and tiie actuating fluid 
storage chamber, said actuating fluid check valve operable to allow only one-way 
fluid flow from the actiiating fluid compressor chamber to the actiiating fluid storage 
65 chamber; 


61 

62 
63 
64 


66 
67 
68 
69 


72 
73 


a hydraulicaUy-actuatable intake poppet valve associated with the air intake 
port of the combustion cell and having an actuating fluid chamber and a piston 
portion positioned in the actiiating fluid chamber, said intake poppet valve 
selectively operable to reciprocally move between i) a closed position at which the 

70 intake poppet valve closes the air intake port and thereby closes fluid 

7 1 communication between the air storage chamber and the combustion chamber via 
the air intake port and ii) an opened position at which the intake poppet valve opens 
the air intake port and thereby opens fluid communication between tfie air storage 

74 chamber and the combustion chamber via the air intake port; 

^ electK)nically<ontrollable magnetically-latchable three-way first control 

76 valve arranged in fluid communication between the actiiating fluid common rail and 

77 the actiiating fluid chamber of the intake valve, said firet control valve including a 

78 magnetically-latchable spool having one end portion and an opposite end portion and 

79 movable between a closed position and an opened position, a closing-erection 

80 electiical coil located proximate the one end portion of the spool, and an opening- 

8 1 direction electiical coil located proximate the opposite end portion of the spool, said 

82 closing-direction electiical coil selectively operable to electiromagnetically pull the 

83 spool towards its closed position at which the spool of the first contix)! valve closes 

84 fluid communication between the actuating fluid common rail and the actuating fluid 

85 chamber of the intake poppet valve and opens fluid communication between the 

86 actuating fluid drain passage and the actiiating fluid chamber of the intake poppet 

87 valve thereby allowing the intake poppet valve to be moved towards its closed 

88 position, said opening-direction electrical coil selectively operable to 

89 electi-omagnetically pull the spool towards its opened position at which the spool of 

90 the first control valve opens fluid communication between the actuating fluid 

91 common rail and the actuating fluid chamber of the intake poppet valve and closes 

92 fluid communication between the actuating fluid drain passage and the actuating 
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93 fluid chamber of the intake poppet valve thereby allowing the intake poppet valve to 

94 be hydraulically moved towards its opened position; 
a hydraulically-actuatable exhaust poppet valve associated with the exhaust 

96 port of the combustion cell and having an actuating fluid chamber and a piston 

97 portion positioned in the actuating fluid chamber, said exhaust poppet valve 

98 selectively operable to reciprocally move between i) a closed position at which the 

99 exhaust poppet valve closes the exhaust port and thereby closes fluid communication 

100 between the combustion chamber and the exhaust port and ii) an opened position at 

101 which the exhaust poppet valve opens the exhaust port and thereby opens fluid 

102 communication between the combustion chamber and the exhaust port; 

103 an electronically-controllable magnetically-latchable three-way second 

104 control valve arranged in fluid communication between the actuating fluid common 
; 105 rail and the actuating fluid chamber of the exhaust poppet valve, said second control 

^ 106 valve including a magnetically-latchable spool having one end portion and an 

107 opposite end portion and movable between a closed position and an opened position, 

^ 108 a closing-direction electrical coil located proximate the one end portion of die spool, 

£ 109 and an opening-direction electrical coil located proximate the opposite end portion 

110 of the spool, said closing-direction electrical coil selectively operable to 

1 1 1 electromagnetically pull the spool towards its closed position at which the spool of 

1 12 the second control valve closes fluid communication between the actuating fluid 

113 common rail and the actuating fluid chamber of the exhaust poppet valve and opens 

1 14 fluid communication between the actuating fluid drain passage and the actuating 

115 fluid chamber of the exhaust poppet valve thereby allowing the exhaust poppet valve 

116 to be moved towards its closed position, said opening-direction electrical coil 

1 17 selectively operable to electromagnetically pull the spool towards its opened position 

118 at which the spool of the second control valve opens fluid communication between 

1 19 the actuating fluid conmion rail and the actuating fluid chamber of the exhaust 

120 poppet valve and closes fluid conmiunication between the actuating fluid drain 

121 passage and the actuating fluid chamber of the exhaust poppet valve thereby 

122 allowing the exhaust poppet valve to be hydraulically moved towards its opened 

123 position; and 


124 
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a power piston positioned in the combustion chamber and operable to 
reciprocally move therein between i) an expansion position at which the combustion 
chamber reaches its maximum volume and ii) a contraction position at which the 
127 combustion chamber reaches its minimum volume. 
128 

1 32. An internal combustion engine, comprising: 

2 a plurality of power modules connected to generate work together wherein 

3 each power module separately includes an air compressor cell defining a variable- 

4 volume air compressor chamber, an air supply port, and an air exit port, said air 

5 supply port and air exit port each arranged in fluid communication witii flie air 

6 compressor chamber, said air supply port adapted to communicate witii a source of 
supply air; an electronicaUy-controUable magnetically-latchable air supply valve 
associated with the air supply port and selectively operable to move between i) a 
closed position at which the air supply valve closes tiie air supply port and thereby 
closes fluid communication between the source of supply air and the air compressor 
chamber via tiie air supply port and ii) an opened position at which tiie air supply 

12 valve opens die air supply port and thereby opens fluid communication between die 

1 3 source of supply air and the air compressor chamber via tiie air supply port; an air 

14 pump piston positioned in tfie air compressor chamber and operable to move 

15 between i) an expansion position at which die air compressor chamber reaches its 

1 6 maximum volume and ii) a contraction position at which die air compressor chamber 

17 reaches its minimum volume; a combustion cell defining a variable-volume 

1 8 combustion chamber separate from die air compressor chamber, an air intake port, 

19 an exhaust port, and an actuating fluid common rail adapted to be arranged in fluid 

20 conmiunication witii a source of pressurized actiiating fluid, said air intake port and 

2 1 exhaust port each arranged in fluid communication with tiie combustion chamber; an 

22 actuating fluid drain passage; an air storage chamber arranged in fluid 

23 communication between the air exit port of the air compressor cell and the air intake 

24 port of die combustion cell; a hydraulically-actuatable intake valve associated with 

25 the air intake port of the combustion cell and having an actuating fluid chamber and 

26 a piston portion positioned in the acting fluid chamber, said intake valve selectively 

27 operable to move between i) a closed position at which the intake valve closes die air 
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intake port and thereby closes fluid communication between the air storage chamber 
and the combustion chamber via the air intake port and ii) an opened position at 
which the intake valve opens the air intake port and thereby opens fluid 
communication between the air storage chamber and the combustion chamber via 
the air intake port; an electix)nically-contix)llable magnetically-latchable first control 
valve arranged in fluid communication between die actuating fluid common rail and 
tiie actuating fluid chamber of die intake valve, said first control valve selectively 
operable to move between i) a closed position at which the first control valve closes 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of tiie intake valve and opens fluid communication between die actuating 
fluid drain passage and tiie acttiating fluid chamber of the intake valve thereby 
allowing die intake valve to be moved towards its closed position and ii) an opened 
position at which die first control valve opens fluid communication between die 
actuating fluid common rail and ttie actuating fluid chamber of tiie intake valve and 
closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of die intake valve tiiereby allowing die intake valve to be 
hydraulically moved towards its opened position; a hydraulically-actuatable exhaust 
valve associated witii die exhaust port of die combustion cell and having an 
actuating fluid chamber and a piston portion positioned in tiie actuating fluid 
chamber, said exhaust valve selectively operable to move between i) a closed 
position at which die exhaust valve closes die exhaust port and diereby closes fluid 
communication between the combustion chamber and the exhaust port and ii) an 
opened position at which die exhaust valve opens die exhaust port and tfiercby opens 
fluid communication between die combustion chamber and die exhaust port; an 
electi^onically-contix)llable magnetically-latchable second conti-ol valve arranged in 
fluid communication between die actuating fluid common rail and die actiiating fluid 
chamber of die exhaust valve, said second control valve selectively operable to move 
between i) a closed position at which the second control valve closes fluid 
communication between the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve and opens fluid conununication between the actuating 
fluid drain passage and die actuating fluid chamber of the exhaust valve thereby 
allowing die exhaust valve to be moved towards its closed position and ii) an opened 
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60 position at which the second control valve opens fluid communication between the 

61 actuating fluid conmion rail and the actuating fluid chamber of the exhaust valve and 

62 closes fluid communication between the actuating fluid drain passage and the 

63 actuating fluid chamber of the exhaust valve thereby allowing the exhaust valve to 

64 be hydraulically moved towards its opened position; and a power piston positioned 

65 in the respective combustion chamber and operable to move therein between i) an 

66 expansion position at which the respective combustion chamber reaches its 

67 maximum volume and ii) a contraction position at which the respective combustion 

68 chamber reaches its minimum volume; wherein said air compressor chamber and air 

69 storage chamber of each power module are isolated from fluid communication and 

70 independently operable with respect to the air compressor chamber and air storage 

7 1 chamber of any other said power module of the internal combustion engine. 

72 

1 33, An internal combustion engine, comprising: 

2 a plurality of power modules connected to generate work together wherein 

3 each power module separately includes an air compressor cell defining a variable- 

4 volume air compressor chamber, an air supply port, and an air exit port, said air 

5 supply port and air exit port each arranged in fluid conmiunication with the air 

6 compressor chamber, said air supply port adapted to conamunicate with a source of 

7 supply air; an air supply valve associated with the air supply port and selectively 

8 operable to move between i) a closed position at which the air supply valve closes 

9 the air supply port and thereby closes fluid communication between the source of 

10 supply air and the air compressor chamber via the air supply port and ii) an opened 

1 1 position at which the air supply valve opens the air supply port and thereby opens 

12 fluid conununication between the source of supply air and the air compressor 

13 chamber via the air supply port; an air pump piston positioned in the air compressor 

14 chamber and operable to move between i) an expansion position at which the air 

15 compressor chamber reaches its maximum volume and ii) a contraction position at 

16 which the air compressor chamber reaches its minimum volume; a combustion cell 

17 defining a variable-volume combustion chamber separate from the air compressor 

18 chamber, an air intake port, and an exhaust port, said air intake port and exhaust port 

19 each arranged in fluid communication with die combustion chamber; an air storage 
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20 chamber arranged in fluid communication between the air exit port of the air 

2 1 compressor cell and the air intake port of the combustion cell; an intake valve 

22 associated with the air intake port of the combustion cell and selectively operable to 

23 move between i) a closed position at which the intake valve closes the air intake port 

24 and thereby closes fluid communication between the air storage chamber and the 

25 combustion chamber via the air intake port and ii) an opened position at which the 

26 intake valve opens tiie air intake port and thereby opens fluid communication 

27 between the air storage chamber and the combustion chamber via the air intake port; 

28 an exhaust valve associated with the exhaust port of the combustion cell and 

29 selectively operable to move between i) a closed position at which the exhaust valve 

30 closes Uie exhaust port and thereby closes fluid conmiunication between the 

3 1 combustion chamber and the exhaust port and ii) an opened position at which the 

32 exhaust valve opens tiie exhaust port and thereby opens fluid communication 

33 between the combustion chamber and the exhaust port; and a power piston 
t- 34 positioned in the respective combustion chamber and operable to move therein 

^5 between i) an expansion position at which the respective combustion chamber 

g> 36 reaches its maximum volume and ii) a contraction position at which the respective 

^ 37 combustion chamber reaches its minimum volume; wherein said air compressor 

38 chamber and air storage chamber of each power module are isolated from fluid 

39 communication and independently operable with respect to the air compressor 

40 chamber and air storage chamber of any other said power module of the internal 

41 combustion engine, further including a separate electronic control unit associated 

42 with each power module, each electronic control unit operable to selectively and 

43 independently control the operation of the respective air supply valve with digital 

44 pulses of electrical current. 

45 

1 34. The internal combustion engine of claim 33, further including an air 

2 pressure sensor associated with each power module, said air pressure sensor operable 

3 to sense the pressure of air in the respective air storage chamber and provide the 

4 respective electronic control unit with a signal indicative of such pressure, said 

5 respective electronic control unit operable to move the respective air supply valve to 

6 its opened position in response to said pressure being below a threshold air pressure. 


7 


3 


-50- 

said respective electronic control unit operable to move the respective air supply 

8 valve to its closed position in response to said pressure being at least the threshold 

9 air pressure. 


10 

1 35. (Twice Amended) An internal combustion engine, comprising: 

2 a plurality of power modules connected to generate work togetiier wherein 

3 each power module separately includes an air compressor cell defining a variable- 

4 volume air compressor chamber, an air supply port, and an air exit port, said air 

5 supply port and air exit port each arranged in fluid communication with the air 

6 compressor chamber, said air supply port adapted to communicate with a source of 

7 supply air; an air supply valve associated with the air supply port and selectively 

8 operable to move between i) a closed position at which the air supply valve closes 
^ the air supply port and thereby closes fluid conmiunication between die source of 

^ 1 0 supply air and the air compressor chamber via the air supply port and ii) an opened 

^ 11 


position at which the air supply valve opens die air supply port and thereby opens 

^ 12 fluid communication between the source of supply air and the air compressor 

^ 1 3 chamber via the air supply port; an air pump piston positioned in the air compressor 

^ 14 chamber and operable to move between i) an expansion position at which the air 

15 compressor chamber reaches its maximum volume and ii) a contraction position at 

16 which the air compressor chamber reaches its minimum volume; a combustion cell 

17 defining a variable-volume combustion chamber separate from the air compressor 

18 chamber, an air intake port, and an exhaust port, said air intake port and exhaust port 

19 each arranged in fluid conmiunication with the combustion chamber; an air storage 

20 chamber arranged in fluid communication between the air exit port of the air 

21 compressor cell and the air intake port of the combustion cell; an intake valve 

22 associated with the air intake port of the combustion cell and selectively operable to 

23 move between i) a closed position at which the intake valve closes the air intake port 

24 and thereby closes fluid communication between the air storage chamber and the 

25 combustion chamber via the air intake port and ii) an opened position at which the 

26 intake valve opens the air intake port and thereby opens fluid communication 

27 between the air storage chamber and the combustion chamber via the air intake port; 

28 an exhaust valve associated with the exhaust port of the combustion cell and 
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29 selectively operable to move between i) a closed position at which the exhaust valve 

30 closes the exhaust port and thereby closes fluid conununication between the 

3 1 combustion chamber and the exhaust port and ii) an opened position at which the 

32 exhaust valve opens the exhaust port and thereby opens fluid communication 

33 between the combustion chamber and the exhaust port; and a power piston 

34 positioned in the respective combustion chamber and operable to move therein 

35 between i) an expansion position at which the respective combustion chamber 

36 reaches its maximum volume and ii) a contraction position at which the respective 

37 combustion chamber reaches its minimum volume; wherein said air compressor 

38 chamber and air storage chamber of each power module are isolated from fluid 

39 conmiunication and independently operable with respect to the air compressor 

40 chamber and air storage chamber of any other said power module of the internal 

41 combustion engine, further including a separate electronic control unit associated 

42 with each power module wherein each electronic control unit is operable to 

43 selectively and independently control the operation of the respective air supply valve 

44 in response to at least one sensed parameter selected from the group of air 

45 temperature, air manifold pressure, actuating fluid temperature, actuating fluid 

46 pressure, barometric pressure, throttle position, power piston position, engine brake 

47 signals, starter inputs, and ignition switch position. 

48 

1 36. The internal combustion engine of claim 32, wherein the air 

2 compressor cell and combustion cell of each power module are located adjacent to 

3 one another. 

1 37, The internal combustion engine of claim 32, wherein said power 

2 modules are arranged substantially in-line relative to one another. 

3 

1 38. The internal combustion engine of claim 32, wherein the air 

2 compressor cells are arranged in an alternating and substantially in-line pattern with 

3 respect to the combustion cells. 
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39. (Twice Amended) An internal combustion engine, comprising: 
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a plurality of power modules connected to generate work together wherein each 
power module separately includes an actuating fluid compressor cell defining a 
variable-volume actuating fluid compressor chamber and an actuating fluid port 
arranged in fluid communication with the actuating fluid compressor chamber, said 
actuating fluid port adapted to communicate with a source of actuating fluid; an 
actuating fluid drain passage; an actuating fluid supply valve arranged in fluid 
coimnunication between the source of actuating fluid and the actuating fluid port and 
selectively operable to move between i) a closed position at which the actuating fluid 
supply valve closes fluid conmiunication between the source of actuating fluid and 
the actuating fluid compressor chamber via the actuating fluid port and ii) an opened 
position at which the actuating fluid supply valve opens fluid communication 
between the source of actiiating fluid and the actuating fluid compressor chamber via 
the actuating fluid port; an actuating fluid pump piston positioned in the actuating 
fluid compressor chamber and operable to move therein between i) an expansion 
position at which the actuating fluid compressor chamber reaches its maximum 
volume and ii) a contraction position at which the actuating fluid compressor 
chamber reaches its minimum volume; a combustion cell defining a variable-volume 
combustion chamber, separate from the actuating fluid compressor chamber, an air 
intake port, an exhaust port, and an actuating fluid common rail, said air intake port 
and exhaust port each arranged in fluid communication with the combustion 
chamber; an actuating fluid storage chamber arranged in fluid communication 
between the actuating fluid port of the actuating fluid compressor cell and the 
actuating fluid common rail; a hydraulically-actuatable intake valve associated with 
the air intake port of the combustion cell and having an actuating fluid chamber and 
a piston portion positioned in the actiiating fluid chamber, said intake valve 
selectively operable to move between i) a closed position at which the intake valve 
closes the air intake port and thereby closes fluid communication between the air 
storage chamber and the combustion chamber via the air intake port and ii) an 
opened position at which the intake valve opens the air intake port and thereby opens 
fluid communication between the air storage chamber and the combustion chamber 
via die air intake port; an electronically-conti-ollable magnetically-latchable first 
control valve arranged in fluid communication between the actuating fluid common 
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rail and the actuating fluid chamber of the intake valve, said fii^t control valve 
selectively operable to move between i) a closed position at which the first control 
valve closes fluid communication between the acUiating fluid common rail and the 
actuating fluid chamber of the intake valve and opens fluid communication between 
the actuating fluid drain passage and the actuating fluid chamber of the intake valve 
thereby allowing the intake valve to be moved towards its closed position and ii) an 
opened position at which the first control valve opens fluid communication between 
the actuating fluid common rail and the actuating fluid chamber of the intake valve 
and closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of the intake valve thereby allowing the intake valve to be 
hydraulically moved towards its opened position; a hydraulically-actuatable exhaust 
valve associated with the exhaust port of the combustion cell and having an 
actuating fluid chamber and a piston portion positioned in the actuating fluid 
chamber, said exhaust valve selectively operable to move between i) a closed 
position at which the exhaust valve closes the exhaust port and tiiereby closes fluid 
communication between the combustion chamber and the exhaust port and ii) an 
opened position at which the exhaust valve opens the exhaust port and thereby opens 
fluid communication between the combustion chamber and the exhaust port; an 
electionically-controUable magnetically-latchable second conttol valve arranged in 
fluid communication between the actuating fluid common rail and tiie actuating fluid 
chamber of the exhaust valve, said second conttol valve selectively operable to move 
between i) a closed position at which tiie second contiol valve closes fluid 
communication between the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve and opens fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust valve to be moved towards its closed position and ii) an opened 
position at which tiie second contix)! valve opens fluid conmiunication between the 
actuating fluid common rail and the actuating fluid chamber of the exhaust valve and 
closes fluid communication between the actuating fluid drain passage and die 
actuating fluid chamber of the exhaust valve thereby allowing the exhaust valve to 
be hydrauhcally moved towards its opened position; and a power piston positioned 
in the combustion chamber and operable to move tiierein between i) an expansion 
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position at which the combustion chamber reaches its maximum volume and ii) a 
contraction position at which the combustion chamber reaches its minimum volume; 
wherein said actuating fluid compressor chamber and actuating fluid storage 

69 chamber of each power module are isolated from fluid communication and 

70 independently operable with respect to the actuating fluid compressor chamber and 

7 1 actuating fluid storage chamber of any other said power module of the internal 

72 combustion engine. 
73 

1 40. The internal combustion engine of claim 39, wherein said 

2 actuating fluid compressor cell and combustion cell of each power module are 

3 located adjacent to one another. 


4 


1 41. 


The internal combustion engine of claim 39, wherein said power 


^ 2 modules are arranged substantially in-line relative to one another 

^ ^ 42. The internal combustion engine of claim 39, wherein the actuating 

^ 2 fluid compressor cells are arranged in an alternating and substantially in-line pattern 

^ 3 with respect to the combustion cells. 
P 

W 4 

1 43. A two-stroke cycle power module, comprising: 

2 a rotatable crankshaft; 

3 a combustion chamber; 

4 an actuating fluid drain passage; 

5 an actuating fluid conmion rail adapted to be arranged in fluid 

6 communication with a source of pressurized actuating fluid; 

7 a movable power piston positioned in the combustion chamber and 

8 coupled to the crankshaft for movement therewith; 

9 an electronically-controllable hydraulically-actuatablc intake valve having an 

10 actuating fluid chamber and a piston portion positioned in the actuating fluid 

1 1 chamber, said intake valve selectively operable to admit air into the combustion 

12 chamber; 
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^ electronically-controllable magnetically-latchable fii^t control valve 


14 
15 


17 
18 
19 


arranged in fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the intake valve, said first control valve selectively 
16 operable to move between i) a closed position at which the first control valve closes 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake valve and opens fluid conmiunication between the actuating 
fluid drain passage and the actuating fluid chamber of the intake valve thereby 

20 allowing the intake valve to be moved towards its closed position and ii) an opened 

21 position at which the first control valve opens fluid communication between the 

22 actuating fluid common rail and the actuating fluid chamber of the intake valve and 

23 closes fluid conmiunication between the actuating fluid drain passage and the 

24 actuating fluid chamber of the intake valve thereby allowing the intake valve to be 

25 hydraulically moved towards its opened position; 

2^ ^ electronically-controllable hydraulically-actuatable exhaust valve having 

27 an actuating fluid chamber and a piston portion positioned in the actuating fluid 

28 chamber, said exhaust valve selectively operable to vent exhaust gas fi"om the 

29 combustion chamber; 

30 an electronically-controllable magnetically-latchable second control valve 

3 1 arranged in fluid conmiunication between the actuating fluid common rail and tiie 

32 actuating fluid chamber of the exhaust valve, said second control valve selectively 

33 operable to move between i) a closed position at which the second control valve 

34 closes fluid communication between the actuating fluid common rail and the 

35 actuating fluid chamber of the exhaust valve and opens fluid communication 

36 between the actuating fluid drain passage and the actuating fluid chamber of the 

37 exhaust valve thereby allowing tiie exhaust valve to be moved towards its closed 

38 position and ii) an opened position at which the second control valve opens fluid 

39 communication between the actuating fluid common rail and the actuating fluid 

40 chamber of the exhaust valve and closes fluid communication between the actuating 

41 fluid drain passage and the actuating fluid chamber of the exhaust valve tiiereby 

42 allowing the exhaust valve to be hydraulically moved towards its opened position 

43 an electronically-controllable hydraulically-actuatable fuel injector 
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extending into the combustion chamber and selectively operable to inject fuel 
therein, wherein said injector includes an actuating fluid chamber, a piston portion 
positioned in the actuating fluid chamber, a check valve movable between a closed 
position at which the check valve blocks injection of fuel and an opened position at 
which the check valve opens injection of fuel, and an electronically-controllable 
magnetically-latchable third control valve arranged in fluid communication between 
50 the actuating fluid common rail and the actuating fluid chamber of the injector, said 
third control valve selectively operable to move between i) a closed position at 
which the third control valve closes fluid communication between the actiiating fluid 
common rail and the actuating fluid chamber of the injector and opens fluid 
communication between the actiiating fluid drain passage and the actiiating fluid 
chamber of the injector thereby allowing tiie check valve of the injector to be moved 

56 towards its closed position and ii) an opened position at which the third control 

57 valve opens fluid communication between the actiiating fluid common rail and die 

58 actiiating fluid chamber of the injector and closes fluid communication between the 
actuating fluid drain passage and the actiiating fluid chamber of the injecti)r thereby 

g 60 allowing the check valve to be hydraulically moved towards its opened position, 

g 61 wherein said crankshaft is selectively rotatable in one angular direction and a reverse 

1) angular direction in response to selectable timing and sequence of operation of the 

63 intake and exhaust valves and the fiiel injector relative to the position of the power 

64 piston. 
65 

1 44. A method of operating a two-stroke cycle power module having a 

2 rotatable crankshaft; an air compressor cell defining a variable- volume air 

3 compressor chamber, an air supply port, and an air exit port, said air supply port and 

4 air exit port each arranged in fluid communication with the air compressor chamber, 

5 said air supply port adapted to conmiunicate with a source of supply air; an air 

6 supply valve associated with the air supply port and selectively operable to move 

7 between i) a closed position at which the air supply valve closes the air supply port 

8 and thereby closes fluid conmiunication between the source of supply air and the air 

9 compressor chamber via the air supply port and ii) an opened position at which the 
10 air supply valve opens the air supply port and thereby opens fluid communication 


Wl 
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25 
26 
27 
28 
29 
30 


between the source of supply air and the air compressor chamber via the air supply 
port; an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum volume; a combustion cell defining a variable-volume 
combustion chamber separate from the air compressor chamber, an air intake port, 
and an exhaust port, said air intake port and exhaust port each arranged in fluid 
communication with the combustion chamber, an air storage chamber arranged in 
fluid communication between the air exit port of the air compressor cell and the air 
intake port of the combustion ceU; an intake valve associated with the air intake port 
of the combustion cell and selectively operable to move between i) a closed position 
at which the intake valve closes the air intake port and thereby closes fluid 
communication between the air storage chamber and tiie combustion chamber via 
24 the air intake port and ii) an opened position at which the intake valve opens the air 
intake port and tiiereby opens fluid communication between the air storage chamber 
and the combustion chamber via the air intake port; an exhaust valve associated with 
the exhaust port of the combustion cell and selectively operable to move between i) 
a closed position at which the exhaust valve closes the exhaust port and thereby 
closes fluid communication between the combustion chamber and the exhaust port 
and ii) an opened position at which the exhaust valve opens the exhaust port and 

3 1 tiiereby opens fluid communication between the combustion chamber and the 

32 exhaust port; and a power piston positioned in the combustion chamber and coupled 

33 to the crankshaft for movement therewith, said power piston operable to move in the 

34 combustion chamber between i) an expansion position at which the combustion 

35 chamber reaches its maximum volume corresponding to a 1 80° angular position of 

36 the crankshaft and ii) a contraction position at which the combustion chamber 

37 reaches its minimum volume corresponding to a 0° angular position of the 

38 crankshaft, said method comprising the steps of: 

3^ moving the power piston from its condition position and towards its 

40 expansion position; 

^ ^ opening the exhaust valve when tiie power piston has been moved to a first 

42 position corresponding to a first angular position of tiie crankshaft; 
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opening the intake valve when the power piston has been moved to a second 
position corresponding to a second angular position of the crankshaft; 
moving the power piston to its expansion position; 
moving the power piston from its expansion position and towards its 

47 contraction position; 

48 closing the exhaust valve when the power piston has been moved to a third 

49 position corresponding to a third angular position of the crankshaft; 

50 closing the intake valve when the power piston has been moved to a fourth 

5 1 position corresponding to a fourth angular position of the crankshaft; and 

^2 moving the power piston to its contraction position. 

53 

1 45. The method of claim 44, wherein the angular distance between the 

2 first and fourth angular positions is about 80°. 
3 


1 46. The method of claim 44, wherein the first angular position of the 

2 crankshaft is about 140°, the second angular position of the crankshaft is about 160°, 

3 the third angular position of the crankshaft is about 200°, and th e fourth angular 

4 position of the crankshaft is about 220°. 
5 

1 47, The method of claim 44, wherein during operation of the power 

2 module Uie combustion chamber has a peak fluid pressure of about 13,790 kPa 

3 (about 2000 psi) when the power piston is at its conduction position. 
4 

1 48. The method of claim 44, wherein during operation of the power 

2 module the combustion chamber has a residual fluid pressure greater tiian 

3 atmospheric pressure when the power piston is at its expansion position. 

4 

1 49. The method of claim 48, wherein the residual fluid pressure in the 

2 combustion chamber is at least about 138 kPa (about 20 psi). 
3 

1 50. The method of claim 48, wherein the residual fluid pressure in the 

2 combustion chamber is in the range of about 138 to 207 kPa (about 20 to 30 psi). 
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A power module, comprising: 
an actuating fluid compressor cell defining a variable-volume actuating fluid 
compressor chamber and an actuating fluid port arranged in fluid communication 
with the actuating fluid compressor chamber, said actuating fluid port adapted to 
communicate with a source of acmating fluid; 
an actuating fluid drain passage; 

an actuating fluid supply valve arranged in fluid communication between the 
source of actuating fluid and the achiating fluid port and selectively operable to 
move between i) a closed position at which the supply valve closes fluid 
communication between Uie source of actuating fluid and the actuating fluid 
compressor chamber via the actuating fluid port and ii) an opened position at which 
the supply valve opens fluid conmiunication between the source of actuating fluid 
and the actuating fluid compressor chamber via the actuating fluid port; 

an actuating fluid pump piston positioned in the actuating fluid compressor 
chamber and operable to move therein between i) an expansion position at which 
the actuating fluid compressor chamber reaches its maximum volume and ii) a 
contraction position at which the achiating fluid compressor chamber reaches its 
minimum volume; 

a combustion cell defining a variable-volume combustion chamber, separate 
from the actuating fluid compressor chamber, an air intake port, an exhaust port, and 
an actuating fluid common rail, said air intake port and exhaust port each arranged in 
fluid communication with the combustion chamber, 

an actuating fluid storage chamber arranged in fluid communication between 
the actuating fluid port of the actuating fluid compressor cell and the actuating fluid 
common rail; 

an intake valve associated with the air intake port of tiie combustion cell and 
operable to move between i) a closed position at which the intake valve closes the air 
intake port and thereby closes fluid communication to the combustion chamber via 
the air intake port and ii) an opened position at which the intake valve opens the air 
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30 intake port and thereby opens Huid communication to the combustion chamber via 

31 the air intake port; 

32 an exhaust valve associated with the exhaust port of the combustion cell and 

33 selectively operable to move between i) a closed position at which the exhaust valVe 

34 closes the exhaust port and thereby closes fluid communication between the 

35 combustion chamber and the exhaust port and ii) an opened position at which the 

36 exhaust valve opens tiie exhaust port and tiiereby opens fluid communication 

37 between tiie combustion chamber and die exhaust port; and 

38 an electronicallyKJontroUable hydraulically-actuatable fuel injector extending 

39 into the combustion chamber and selectively operable to inject fuel therein, said fuel 

40 injector including an actuating fluid chamber, a piston portion positioned in tfie 

4 1 actuating fluid chamber, a check valve movable between a closed position at which 

42 the check valve blocks injection of fuel and an opened position at which tfie check 

43 valve opens injection of fuel, and an electronically-controllable fluid control valve 

44 arranged in fluid communication between the actuating fluid common rail and the 

45 actuating fluid chamber of the injector, said control valve selectively operable to 

46 move between i) a closed position at which tiie control valve closes fluid 

47 communication between die actuating fluid common rail and die actuating fluid 

48 chamber of die injector and opens fluid communication between die actuating fluid 

49 drain passage and die actuating fluid chamber of die injector diereby allowing die 

50 check valve of die injector to be moved towards its closed position and ii) an opened 

5 1 position at which die control valve opens fluid communication between die actuating 

52 fluid common rail and die actuating fluid chamber of die injector and closes fluid 

53 communication between the actuating fluid drain passage and the actuating fluid 

54 chamber of die injector diereby allowing the check valve to be hydraulically moved 

55 towards its opened position; and 

56 a power piston positioned in the combustion chamber and operable to move 

57 therein between i) an expansion position at which the combustion chamber reaches 

58 its maximum volume and ii) a contraction position at which die combustion chamber 

59 reaches its minimum volume. 

60 

1 52. The power module of claim 5 1 , wherein said control valve is 


magnetically latchable in at least one of i'ts closed and opened positi 


53. The power module ofclaim 51. further including a check 
valve arranged in fluid communication between the actuating fluid port of the 
actuating fluid compressor cell and the actuating fluid storage chamber, said check 
valve operable to allow only one-way fluid flow ftom the actuating fluid compressor 
chamber to the actuating fluid storage chamber. 

54. The power module of claim 51, wherein said actuating fluid supply 
valve includes a digitally-controlled two-way valve including a movable 
magnetically-latchable spool having one end portion and an opposite end portion, a 
closing-direction electrical coU located proximate the one end portion of the spool, 
and an opening-direction electrical coil located proximate the opposite end portion 
of the spool, said closing-direction elecbical coil selectively operable to 
electiomagnetically pull the spool towards one state corresponding to the closed 
position of the actuating fluid supply valve, said opening-direction electtical coil 
selectively operable to electromagneticaUy pull tiie spool towards another state 
corresponding to the opened position of the actuating fluid supply valve. 

55. (Amended) The power module ofclaim 51, further including an 
electionic contix)! unit operable to control the selectable operation of said 
electiTonically-contirollable fluid conti-ol valve. 


56. The power module of claim 55, further including an actuating fluid 
pressure sensor operable to i) sense the pressure of actuating fluid in the actuating 
fluid storage chamber and ii) provide the electiionic contix>l unit with an actuating 
fluid pressure signal indicative of said pressure, said electix)nic control unit operable 
to independenfly control the operation of the actuating fluid supply valve in response 
to said actuating fluid pressure signal. 

57. The power module of claim 5 1 , wherein said injector is a multiple 
stage injector. 
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58. The power module of claim 51. wherein said actuating fluid 
storage chamber is integrally fanned with the actuating fluid compressor cell. 

59. The power module of claim 51, wherein said actuating fluid storage 
chamber is connected to the actuating fluid compressor cell. 

60. The power module of claim 51. wherein said intake and exhaust 
valves each further include a return spring operable to bias the respective valve 


3 towards its closed position 
4 

1 


61. The power module of claim 51, wherein the actuating fluid 
compressor ceU and the combustion cell are integrally fornied witii one another by i 
3 common housing. 


62. The power module of claim 51, wherein the actuating fluid 

m 2 compressor cell and the combustion cell are connected together as a compact unit. 

£ji 3 


1 63. The power module of claim 51, wherein the actuating fluid pump 

2 piston and the power piston arc movable by a common drive device. 
3 


